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AMENDED CLAIMS 

[received by the International Bureau on 21 December 1987 (21.12.87); 
original claim 1 amended; remaining claims unchanged (1 page)] 

1 • A method for the sequencing of nucleic acid oonprising 
recovering/ from a host/vector systan,. vector particles 
containing a nucleic adud insert to be sequenced, treating the 
vector particles with a protease to digest proteinaoeous 
contaminants, removing digestion products by ultrafiltration 
throiagh a membrane vAiich retains purified nticleic acid, and, 
thereafter processing the purified nucleic acid without removal 
f rem the m^nhrane to produce a series of nucleic acid fragments 
for subsequent separation by electrophoresis. 
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A method of sequencing nucleic acids • 



The present invention relates to an improved Bethod of sequencing 
nucleic scids, and particularly but not exclusively to an improved 
method of sequencing DNA. 

The technique of nucleotide sequence analysis is of central 
importance in molecular biology and biotechnology. Contemporary 
methods of sequencing are mostly based on the high resolving power 
of polyacrylamlde-gel electrophoresis. By this technique two 
oligonucleotides which differ in size by only a single nucleotide 
residue can be resolved by virtue of their differing relative 
Interactions with the gel matrix. Alternative resolving methods are 
currently being investigated, for example column based systems such 
as high pressure liquid chromatography (HPLC). 

In order to determine the sequence of nucleotides in a nucleic acid 
such as DNA a series of fragments are produced with one end in 
common and the other varying in position along the chain. A 
minimum of four types of series of fragments is produced, each group 
being terminated by or cleaved at one of the four possible bases by 
specific chemical or enzymic means. 

There are two well known ways in which DNA fragments ending in or 

cleaved at each of the four bases are produced for sequence 

analysis. In the method described by Maxam and Gilbert (reference 1 

and 2) single- or double-stranded DNA molecules are labelled with 
32 

radioactive "'^P phosphate at a unique 5' or 3' terminus and the 
nucleotide chains are chemically modified at specific bases and then 
cleaved by alkaline or piperidlne hydrolysis. The chain termination 
method of Sanger et al (reference 3 to 6) Involves enzymic copying 
of fiingle-stranded DNA fragments using a DKA polymerase to 
transcribe specific regions of the chain under controlled 
conditions. 
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In both the above described methods it Is necessary to extract and 
purify the nucleic acids prior to Initiating sequencing reactions. 
Conventionally RNA and DNA froo tissues, cells, plasoids and viruses 
are extracted and purified by lysis or digestion of the protein coat 
(e.g. with a protease - such as proteinase K - which Is able to 
digest the protein coat without degrading the nucleic acids) 
followed by extraction with solvent, such as phenol-chloroform, and 
precipitation with e.g. ethanol. Separation of nucleic acids from 
suspension in solvents is achieved by repeated centrifugatlon. 

The phenol-chloroform reagent is a toxic corrosive liquid which is 
unpleasant to handle. After extraction with phenol-chloroform It is 
necessary to separate the aqueous from the organic phase. 
Centrifugatlon steps In the extraction/purification procedures are 
time consuming and tedious when carried out manually, and are 
difficult to automate satisfactorily. 

The present invention provides an improved method of sequencing 
nucleic acids, such as DNA, which eliminates centrifugatlon steps 
during pre-sequenclng purification, reduces manipulation of 
extracted products and is suitable for automation. 

According to the Invention, the improvement resides in a 
purification step which comprises the pressure activated separation 
of DNA or RNA from a digest suspension by ultrafiltration using a 
filter membrane which retains the nucleic acids and presents them in 
a state ready for immediate commencement of sequence determination 
in situ on the membrane. 

The filter membrane may (a) retain nucleic adds by size exclusion 
and/or may (b) adsorb nucleic acids by surface binding. Examples of 
filter membranes of type (a) are anisotropic low adsorptlve 
ultrafiltration membranes such as the type-YH membranes marketed by 
Amlcon Corporation (US Patent No. 3488766). Examples of filter 
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■embranes of type (b) are nitrocellulose nenbranea, HA45(TM), 
DESKTM). Genescreen (TO), Hybond (TM) and the like; filter 
venbranes having aon-apeclf Ic blading sites may be partially blocked 
with Bovine Serum Albualn (BSA) or other inert material. 

An advantage of using ixltraflltration for separation and 
purification of nucleic acids is that the «aterial collected on the 
■embrane can be further treated in situ. For exaople, chenical or 
enzynic reagents can be applied to the veabrane surface after 
filtration in order to prepare the trapped nucleic acids for 
sequencing. 

The method of the invention can be used In an improved enzyoic 
sequencing process including the following steps:- 

1] A vector carrying a DNA insert to be sequenced is cultured in a 
host , 

2] vector particles containing the DNA inserts are separated from 
the host by filtration, 

3] a protease is applied which will digest the protein coat of the 
vector without degrading the DNA, 

the DNA is purified and concentrated by pressure activated 
ultrafiltration through a membrane which retains the DNA, 

5] primer is added and annealed to the extracted DNA on the 
membrane , 

61 a polymerisation enzyme together with a suitable nucleotide 
mixture Is applied to the DNA on the membrane, the enzyme being one 
which is capable of catalysing the faithful Incorporation of 
nucleotides onto a primed template. 
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7] chase nucleotides are added if necessary la order to complete 
the polyoerlsatlon reaction, 

8] the reaction Is terminated and the nevly synthesized DNA Is 
disassociated from the template, and 

9] a sample of DNA Is loaded onto a polyacrylamlde gel for 
electrophoresis, or onto an alternative separation system. 

In the above described method any host/vector system can be used In 
which vector DNA is released from the host cell, generally la the 
form of a protein coated particle. The DNA could be siagle or 
double stranded; If the DNA is double stranded a denaturatlon step 
must be included before annealing In order to separate the strands. 
The chosen vector must have been manipulated so as to carry both the 
DNA fragment to be sequenced and the appropriate primer 
hybridisation site. A particularly suitable host is the bacterium 
E.Coll, and suitable vectors are bacteriophage M13, plasmid pENBL 
and Fl derived vectors. 

Examples of suitable protease are chymotrypsin, elastase, subtillsin 
and thermolysin. Residual protease activity can be terminated after 
the reaction has proceeded to completion by use of an ethanol wash 
or a protease Inhibitor. Alternatively, the protease may have 
autolytic activity and hence be self-terminating. The catalysis 
enzyme Is preferably a DNA polymerase such as a Klenow fragment of 
DNA polymerase I or reverse transcriptase. The enzyme must oot have 
exonuclease activity which would digest the primer; if present, 
exonuclease activity can be blocked by the addition of a blocking 
group at the 5* end of the molecule. 

If the above described method were adapted for sequencing with 
ribonucleotides, then ribonucleotides would be used Instead of 
deoxyrlbonucleotides in the polymerisation step. In such a case an 
appropriate RNA polymerase would be used, possibly without the need 
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for a prlner. Alternatively, If a suitable vector for RNA were 
developed, RNA could be used as the tenplate* 

One enbodlsent of the Invention will now be described In detail, by 
way of example only. The Example Illustrates an Improved method of 
DNA sequencing using the chain termination method described by 
Sanger* 

EXAMPLE 

The method comprises the following steps : 

1) Bacteriophage M13 with a DNA Insert Is cultured overnight In 
E.Coll In suitable culture medium. 

2} The bacteria are separated from the phage by filtration with a 
0.22 micron membrane, such as hydrophlllc Durapore (Milllpore). The 
bacteria remain on the filter and the DNA-carrylng phage pass 
through the membrane into a collection vessel. 

3) The phage are incubated with a protease, such as chymotrypsin, 
in order to digest the protein coat. 

4) The DNA from the phage Is separated from the digested protein 
by pressure activated ultrafiltration through a membrane which 
retains the DNA but not the digested protein, A preferred size- 
exclusion membrane is YHIQ (Amicon) which retains globular molecules 
of size greater than 10 kDaltons. Alternatively, an adsorptlve 
membrane such as nitrocellulose may be used. Non-specific binding 
of reagents to the filter can be prevented by the addition of I X 
bovine serum albumin. 

5) The primer Is added as a droplet or a spray to the DNA on the 
filter membrane and is annealed for 20 minutes at 55 to 65*C to 
allow specific hybridisation. 
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6) Prealxed nucleotides and DNA polynerase I Klenow fragment are 
added as a droplet or a spray to the filter membrane and are 
incubated at 20"C for 15 minutes. The nucleotides are Incorporated 
onto the primed template to synthesize PNA by chain extension. The 
nucleotides may include labelled nucleotides and chain terminating 
nucleotides. 

7) Chase nucleotides are added if necessary. 

8) A formamide droplet or spray is placed on the membrane and 
heated at 90*C for 5 minutes in order to terminate reaction and 
caused disassociation of newly synthesized DNA froai the template. 

9) A DNA sample is loaded onto a conventional polyacrylamlde gel^ 

10) The DNA fragments are separated by electrophoresis. 

REFERENCES 
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CLAIMS : 



1. An improved iiethod of sequencing nucleic acids wherein the 
iBprovcment resides In a purification step which comprises the 
pressure activated separation of DNA or RNA from a digest suspension 
by ultrafiltration using a filter senbrane which retains the nucleic 
acids and presents then in a state ready for Immediate commencement 
of sequence determination in situ on the membrane. 

2. An improved enzymic sequencing process for DNA which includes 
the following steps : 

i] a vector carrying a DNA insert to be sequenced is cultured in a 
host, 

ii] vector particles containing the DNA inserts are separated from 
the host by filtration, 

ill] a protease is applied which will digest the protein coat of the 
vector without degrading the DNA, 

Iv] the DNA Is purified and concentrated by pressure activated 
ultrafiltration through a membrane which retains the DNA. 

v] primer is added and annealed to the extracted DNA on the 
membrane, 

vl] a polymerisation enzyme together with a suitable nucleotide 
mixture is applied to the DNA on the membrane, the enzyme being one 
which Is capable of catalysing the faithful incorporation of 
nucleotides onto a primed template, 

vli] , chase nucleotides are added if necessary in order to complete 
the polymerisation reaction. 
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villi the reaction is terminated and the newly synthesized DNA is 
disassociated from the template, and 

ixj a sample of DNA is loaded onto a polyacrylamide gel for 
electrophoresis » or onto an alternative separation system. 

3« An improved method of DNA seouencing using the chain 
termination method of Sanger, which includes the following steps : 

a) Bacterophage M13 with a DNA insert is cultured In E.Coll in 
suitable culture medium, 

b) the bacteria are separated from the phage by filtration with a 
hydrophillc membrane, 

c) the phage are incubated with chymotrypsln protease, 

d) the DNA from the phage is purified and concentrated by pressure 
activated ultrafiltration through a membrane which retains the DNA 
(e.g. a size-exclusion membrane which retains globular molecules of 
size greater than 10 kDaltons or an adsorptlve membrane such as 
nitrocellulose) , 

e) primer is added as a droplet or a spray to the DNA on the 
filter membrane and Is annealed for 20 minutes at 55 to 65**C, 

f) premixed nucleotides and DNA polymerase I Klenow fragment are 
added as a droplet or a spray to the filter membrane and are 
Incubated at 20**C for 15 minutes, 

g) chase nucleotides are added if necessary, 

h) a formamide droplet or spray Is placed on the membrane and 
heated at 90'C for 5 minutes, 
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1) a DNA sample is loaded onto a polyacrylamlde gel, and 
j) DNA fragnents are separated by electrophoresis. 

4. An improved method of sequencing, substantially as hereinbefore 
described. 
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